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RESEARCH MEMORANDUM

-

WIND-TUNNEL INVESTTIGATION AT HIGH SUBSONIC SPEEDS OF THE
STABIL.ITY CHARACTERISTICS OF A COMPFLETE MODEL HAVING
SWEPTBACK-, M-, W-, AND CRANKED-WING PLAN FORMS
AND SEVERAL HORIZONTAL-TATL LOCATIONS

By Kenneth W. Goodson and Robert E. Becht
SUMMARY

An investigation was made at high subsonic speeds of a complete
model having a baslc sweptback wing or one of three composite plan-form
wings. The composite plan-form wings (M, W, and cranked) were obtained
through modificetions to the basic 45C swept-wing design. All wings
were of aspect ratio 4.0 and taper ratio 0.3. These wings were tested
through an engle-of-attack range in the Langley high-speed T- by 10-foot
tunnel at Mach numbers from 0.80 to 0.92.

The data. show that all the composite plan forms allevisted the
tendency toward longitudinal instability at moderate and high 1ift coef-
flicients that existed for the basic swept-wing model. Of the wings
investigated, the M plan form sppeared to have the most desirable stability
characteristics over the Mach number range tested and to allow the
greatest latitude 1n selection of horizontal-taill position. For the tall
length investigated, longitudinal instabillity existed at high 1ift coef-
ficients for each of the wings with the horizontal tail in the highest
position (0.57 semispan sbove wing-chord plane). The center tail (on
wing chord plane) appeared to reduce the severity of the instebility.
Addition of a lO-percent-mean-serodynamic-~chord slat to the outboard
35 percent of the baslic swept-wing semispan also appeared to improve the
stability.

Positive tail-off directional stabillty was obtalned with the model
having the M-wing at high 1ift coefficients for all Mach numbers except
0.92; whereas negative tail-off stebility was obtalned with the swept wing
at all 1lift coefficients and Mach numbers investigeted. The vertlical-
tall contribution to directional stability decreased with increassing 1i1ft -
coefficients up to a Mach number of 0.90 for the M-wing model but was
essentlally constant for the swept-wing model through the Mach number
range tested.
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INTRODUCTICON

The use of thin swept wings to improve the high-speed-performance
characteristics of airplanes has resulted in abrupt reductions in longi--
tudinal stebility that have been described as "pitch-up." Results of an
intensive study of means for alleviating the pitch-up tendency on con-
figurations having a 45° sweptback wing of aspect ratio 4.0 and taper
ratio 0.3 have béen reported in references 1 to 4. Of the various wing
modifications and tail positions previously studied, it appeared that
satisfactory high-liftstability (particularly at Mach numbers near 0.9)
could be obtained only by combining one of the most effeqtiie leading-
edge modifications with a tdil position well below the wing-chord plane.
The present investigation was underteken to determine conditions under
which satisfactory stability might be obtained when the basic swept-wing
plan form is modified by more extreme measures than those considered in
references 1 to 4. The modifications to the baslc swept wing were made
by shearing the airfoil sections tv form composite wing plan forms
described as the M-, W-, and cranked types. Longitudinal characteristics
were determined for a model equipped with each of these wings (including
the basilc sweptback wing) and with the horizontal-tail located at various
heights. Some lateral staebility characteristics were determined for two
of these wings. . : :

COEFFICIENTS AND SYMBOLS

All data are presented about the stabllity axes as shown in figure 1.
The piltching-moment coefficlents are referred to the quarter-chord of
the mean aserodynamic chord, except where otherwlse noted.

cr 1ift coefficlent, E-g—t

af -
Cp drag coefficient, . 2’-"—:5_

q- -
Cm pltching-moment coefficient,- Pitchin:_moment

asc
Cy rolling-moment coefficilent, Rolling moment
aSb

Cn ..  yawing-moment coefficient, AL8¥WiDg moment

aShb
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Cy

ol

o

B
Subscript:

B

A%

Lateral force
as :

lateral-force coefficient,

"1ift-drag ratio

dynemic pressure, pV4/2, 1b/sq £t

mess density of air, slugs/cu ft

free-stream velocity, fps

Mach nunmber

wing area, 2.250 sq ft

local chord parallel to plane of symmetry, £t
b/2

wing mean aerodynamic chord, g o c2dy, 0.822 £t

horizontal-tail mean aerodynamic chord, 0.338 £%

vertical~tail mean aserodynamic chord, 0.757 £&

wing span, 3.000 ft

spanwise distance from plane of symmetry, ft

horizontal teil height from fuselage center line, positive
upward, ft ' : -

angle of attack, deg

angle of sideslip, deg

denotes partial derivative of a coefficient with respect to

aC
sideslip angle; for example, Czﬁ = SEL
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MODEL AWND APPARATUS

A three-view drawing of the complete research model with the hasic
45° aweptback wing of aspect ratio 4.0 and taper ratio 0.3 is shown in
figure 2(a). The composite wing plan forms (fig. 2(b)) were designed
by shearing the basic 45° swept wing in a chordwise direction while
holding the aspect ratio and taper ratio constant. The swept wing was
constructed of solid aluminum whereas the composite wings were made of
fiber~glass—~plastic composition over steel spars. A sketch of the verti-
cal locstions of the horizontal tall is shown in figure 2(c). The con-
struction of the tail assembly limited the incidence of the horizontal
tail to zero degrees for all tail beights. The dimensions of the fuselage,
which had a fineness ratio of 10.94, are presented in figure 2(a). A
photograph of-the complete model with the M-wing plan form mounted on
the sting in the Langley high-speed T- by l0-foot—tunnel is shown in

figure 3.

For some tests the outboard 35 percent of the swept-wing semispan
was fitted with a leading-edge slat (auxiliary airfoil). (See fig. L).
This particular slat confilguration was used as an expedient device for
determining the general effects of. leading-edge slats or auxiliary
airfoils. : : o C

TESTS

The sting-supported model was tested in the Langley high-speed T=
by lO-foot tunnel through e Mach nunber range of 0.80 to 0.92 and
through an angle-of-attack range that varied wlth loading conditions
(the maximum renge being sbout -2° to 24°). The latersl parameters were
determined by pitching the model through the angle-of-attack range at
sideslip angles of t4°. The Reynolds nunber (based on the nean aero-
dynamic chord) varied with Mach number from about 2.5 X 106 o 3.0 X 106.
Note that the horizontal tall was removed for the tail-off pitch tests and
that both the horizontal and vertical tails were removed for the lateral-
stablility tail-off tests.

CORRECTIONS

Blockage corrections were applied to the results by the method of
reference 5. Jet-boundary corrections to the angle of attack and drag
were applied in accordance with reference 6. Corrections for the longi-
tudinel pressure gradient have been applied to the data.
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Model support tares have not been appllied except for a fuselage base
pressure correction to the drag. The corrected drag data represent a
condition of free-siream static pressure at the fuselage base. From past
experience, it is expected that the Influence of the sting support on the
model characteristics is negligible with regard to 1lift and pitching
moment.

The angle of attack and angle of sideslip have been corrected for

' deflection of the balsnce and sting support. No attempt hes bheen made

to correct the data for sercelastic distortion of the model.

PRESENTATION OF RESULTS

The results of the investigatlion are presented in the figures
listed as follows:

Flgure

Longitudinal characteristics of the model with the

swept, M-, W-, or cranked-wing plan form . . . « « « . . « « . 5%t0 9
Longitudinal stabllity characteristics of the model

with various wing plan forms adjusted to a 0.05C

static margin at M = 0.80 . & ¢ ¢ v « 4t i 4t 4 e e e e e e e .. 10

Variation of %%E with Mach number for several horizontal-
L.

tall positions . ¢ ¢ 4« ¢ ¢ 4 4 4 e @ 5 8 8 o s 6 e e s o« e+ o« & 11
Varistion of tail contribution to longitudinal stability

with taill height . . . . e e « « s e o o e e e o s+ e s . 12
Lift-drag ratios of the model with various wing plan forms.

Horizontal tail off . . . . . . .« . . . . « e« 2 13
Longitudinal characteristics of the swept—wing model with a

0.10¢ slat . . . . . . . . . - . 1

Lateral stability parameters of the model with swept- and
M-wing plan £OrMS < ¢ « « « « o « o « o o« » o o« « « o o « « 15 and 16

DISCUSSION

Longitudinal Characteristics

Bffect of wing plan form and tail height.- Characteristics of the
fuselage alone are compared in figure 5 with characteristics of the
swept-wing-—~—fuselage combination. These results show thet the nonlin-
earities of the wing-fuselage pltching-moment curves apparently result
from the wing-alone characteristics or possibly from interference effects.
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The taill-off data presented in figures 6 to 9 show that the tall-off

stability near o = O° varies considerably for the different wing plan

forms in splte of the fact that the quarter-chord point of-the mean :

eerodynamic chord was held at essentlally the same fuselage station for

all wings. This is illustrated by the results of the following table

which compares velues of gg?) for the fuselage-alone configurstion
a=0

and the wing-fuselage configurations:

Configuration (EEE9 at M = 0.80
o / =0
Fuselage alone 0.0070
Swept wing and fuselage - -.0041
M-wing and fuselsgé .011k
W-wing and fuselage -.0009
Cranked wing @nd fuselage - . 0055

Although the angle-of-attack range that-could be obtained during the
tail-on tests was somewhet limited (particularly when the tail was in the
low position), it is belileved that most of the important characteristics
of the various complete-model configurations are shown by the test data
obtained. In order to provide a reasonable basis for comparing shapes
of the pitching-moment curves, some of the data obtalned at Mach numbers
of 0.80 and 0.90 have been recomputed with the assumed position of the
center of gravity adjusted to-give & static margin of 0.05% at a Mach
nunber of 0.80 for each configuration. Results for tail-off, center-
tall, and high-tail confilgurations are shown in figure 10. The tail~off
results show that although any of the composite wings provide improved
characteristics over those of-the swept wing at a Mach number of 0.80,
only the M-type composlte wing provided e substantial improvement at
M = 0.90. With the center-tail position, a tendency toward plich-up is
indicated for the swept and cranked wings at 1lift coefficients of from

0.4t to 0.6, but there appears to be no such tendency for the M- and W-wings. - -

With the tall in the high position, a pltch-up existed for any of the wings
tested where sufficiently high angles of attack were reached. Such a
condition is indicated at M = 0.80; however, at M = 0.90, pitch-up
occurred only for the swept wing within the limited angle-~of-attack range
that could be obtalned. ' :

It should be pointed out that the degree of pitch-up for the tail-on

conflgurations might have been somewhat different if the incidence of the
horizontal taill had been set for trim in the high angle-of-attack range
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rather than the arbitrary value of zero degrees tested. The pltch-up
might be less abrupt for the trimmed condition because of loss 1n tail
effectiveness at the higher angles of attack caused by possible reduction
in dynamic pressure at the tail.

Values of the pitching-moment-curve slope ggg of the various tail-

L

on and tail-off configurations are presented in figure 11 for the zero-~
11ift condition. It is of interest to note that over the test Mach number
range, the rearward shift in aerodynsmic center for the various tail-on
configurations generally is about the same as or less than the shift
with tail off. The increment of pitching-moment-curve slope near Cy, =

due to addition of the tail is plotted against tail height in filgure 12.
Although wing plen form apperently has quite an appreciable effect on
the tail contribution to the pitching moment, the greatest tall contribu-
tion invarisbly is obtained with the highest tail.

The untrimmed lift-drag ratios of the various wing-fuselage combi-
nations are compared at Mach numbers of 0.80 and 0.90 in figure 13. At
either Mach number, the L/D values for the W~wing are considerably
lower than those of the other wings - mainly because of high values of
drag due to lift. These trends were indicated for another W-wing con-
figuration at low Mach numbers above 1ift coefficients of about O.L.

(See ref 7.) The cranked wing also shows considerable reduction in L/D
at M = 0.90. Values of L/D for the M-wing compare favorably with the
values for the swept wing at both of the selected Mech numbers; in fact,

at 1ift coefficients below that for (L/D)pgsy, the M-wing is superior to

the swept wing. This results in part from the higher lift-curve slopes
for the M-wing at low 1lift coefficients; for example:

CLO'. at -
Configuration
M= 0.8 M = 0.90
Swept wing 0.067 0.076
M-wing OTh 090

The drag data presented in figures 5 to 9 indicate, in general, that the
minimum drag of the composite-wing configurations is slightly higher than
that of the basic swept-wing configuration, with the greatest difference
indicated at the highest test Mach number.
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Swept wing with leading-edge slat.- The effect of adding a 0.10C
slat (fig. &) to the outboard 35 percent of the swept-wing aemispan is
shown in figure 1%k. Also shown for comparison are -results from tail-off
tests of a somewhat similar model (ref. 4) with one of the better drooped-
leading~edge chord-extension configurations along with the clean undrooped
wing configuration. For the configuration of reference L, the entire wing
leading edge, including a 0.10C chord-extension located on the outboard
35 percent of the semispan, wes drooped 6°. The piltching-moment curves
of the tall-off configurstion with slats appeer to be somewhat more
linear than those of the basic swept wing or the swept wing with drooped
leading edge and chord-extensions. With a horizontal tall located in
the center position, addition of the slat generally made the variation
of pitching moment with angle ofattack more linesr, except at a Mach
number of. 0.92.

Addition of the slat to the swept wing increased the 1ift coefficiexnt
at the higher angles of attack and also reduced the drag due to 1lift;
however, the maximum L/D was not appreclably affected by addition of
the slat. The drooped-nose chord-extension configuration of reference L
showed a considerable reduction in drag due to lift and an appreciable
increase in L/D velues, probably because of the improved flow over the
wing assoclated with the leading-edge droop. The effect of drooping the
nose-glat configuration was not investlgated. The slat generally increased
the minimum drag at all Mach numbers tested.

Lateral Characteristics

Lateral stabllity characteristics of the model with the swept and
M plan forms are shown in figures 15 and 16, respectively, for several
tall configurations. Both the horizontal and vertical tails were removed
for the tail-off configuration.

Positive tail~off directional stability was obtained with the model
having the M-wing at high 1ift coefficients for all Mach numbers except
0.92, whereas negative tall~off stabllity was obtained with the swept
wing at all 1ift coefficients and Mach numbers investigated. The positive
tail-off values of directlonal stability obtained with the M-wing plan
form increase with lncreasing negastive values of CYB. (See fig. 16.)

The contribution of the vertical tail to the dlirectlonal staeblliity
of the M-wing model decreased with increasing lift—coefficlent up to a
Mach number of 0.90, but became essentially constant at M = 0.92.
Contrary to this, however, the tail contribution to the directional sta-
bility of the swept wing model was essentially constant at all 1ift
coefficients for the lower Mach numbers, but showed an increase at high
lifts at Mach numbers of 0.90 and 0.92. The vertilical-tall contribution
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to directional stability of the model with elther wing plan form and with
the high horizontal tail was considerably larger than that obtained with
the horizontal tall in the center position.

A reduction of effective dihedral gt intermediste and high 1ift
coefficients was noted at all test Mach numbers for the complete swept-~
wing model. With the M-wing, the effective dihedral was not as great as
with the swept wing.

CONCLUSIONS

An investigation at high subsonic speeds of a complete model having
a sweptback wing and various composite plan~form wings (including M, W,
and cranked plan forms) indicates the following conclusions:

1. A11 of the composite plan forms allevisted the tendency toward
longitudingl instability at moderate and high 1ift coefficients that
generally existed for the basic swept-wing model. Of the wings investi-
gated, the M-wing appeared to have the most desirable stability character-
istics over the test range of Masch numbers (0.80 to 0.92) and also to

allow the greatest latitude for selection of horizontal-tail posltion.

2, For the one tall length investigated, and for the highest
horizontal~tail position (0.57 semispan above wing-~chord plane), longi-~
tudinal instabllity occurred at intermediate 1ift coefflcients for each
of the wings, whereas the center tail {on wing chord plane) appeared to
alleviate the severity of the stability reduction in the angle-of-~attack
renge Investigated.

3. Over the test range of Mach number, the lift-drag ratios of the
M-wing were almost the same as those of the swept wing; however, each of
the other composite wings showed inferior drag characteristics et a Mach
number of 0.90.

4. Addition of & fixed leading-edge slat to the outboard 35 percent
of the basic swept-wing semispan eppeared to provide & somewhat larger
stability improvement than devices reported on previously; however, the
slat Investigated dild not- improve the maximm lift-drag ratic of the basie
wing.

5. Positive tall-off directional stability was cbtained with the
model having the M-wing at high 11f%t coefficients for all Mach numbers
except 0.92; whereas negative tail-off staebllity was obtained with the
swept wing at all 1ift coefficients and Mach numbers Investigsted.
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The vertical-tail confribubion to directionsl stability decreased with
increasing 1lif't coefficient up to a Mach mumber of 0.90 for the M-wing
model but remalned essentially constant for the swept-wing model.

Langley Aeronauticel Leboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., March 17, 1954.
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Figure 2.~ Continued.
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Lift coefficient, C;
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(b) M= 0.85.
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Figure 15.~ Concluded.
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Figure 16.- Lateral psrameter charscteristics of the M-wing model.
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Figure 16.- Continued:
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Figure 16.- Continued.
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